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BACKGROUND OF THE INVENTION 



The present invention relates to a solid-state imaging 
apparatus, and more particularly, to a solid-state imaging 
apparatus having an exposure control function. 

Fig. 1 is a schematic block diagram of a conventional 
solid-state imaging apparatus 100 and Fig. 2 is a timing 
waveform chart which describes the operation of the 
solid-state imaging apparatus 100. The solid-state imaging 
apparatus 100 includes a CCD image sensor 1, a driver 2, a 
timing control circuit 3, an integrating circuit 4, a 
decision circuit 5, an up/down counter 6 and a latch circuit 
7 . 



The CCD image sensor 1 has a plurality of light 
receiving pixels, a plurality of vertical shift registers 
and a horizontal shift register. The light receiving pixels 
are arranged on a light receiving surface in lines at 
predetermined intervals, and generate and store information 
charges corresponding to an object image. The vertical 
shift registers are arranged in columns corresponding to the 
lines of light receiving pixels, and sequentially transfer 
the information charges stored in each of the light 
receiving pixels in the vertical direction. The horizontal 
shift register is arranged on the output side of the 
vertical shift registers, receives the information charges 
output from the vertical shift registers, and outputs the 
charges in a unit of one line. In this manner, an image 
signal Y with a ch.anging a voltage value in accordance with 
the information charges stored in the light receiving pixels 
is output. 



The driver 2 supplies each shift register of the CCD 1 
with a multi-phase transfer clock in response to a vertical 
synchronous signal VD and a horizontal synchronous signal HD 
from the timing control circuit 3. The driver 2 produces a 
frame transfer clock <pF in response to the vertical 
synchronous signal VD and supplies the vertical shift 
register with the frame transfer clock (pF. The information 
charges stored in the light receiving pixels are transferred 
to the vertical shift registers every vertical scanning 
period in accordance with the frame transfer clock cpF. The 
driver 2 produces a storage transfer clock and a 
horizontal transfer clock (pH in response to the horizontal 
synchronous signal HD. The vertical shift registers 
transfer the information charges to the horizontal shift 
register in accordance with the storage transfer clock <pS , 
and the horizontal shift register outputs the information 
charges in a unit of one line in accordance with the 
horizontal transfer clock <pH . The driver 2 produces a drain 
clock <pD in response to a shutter timing signal ST from the 
timing control circuit 3. The drain clock <pD is supplied to 
an unnecessary charge drain region of the CCD 1 and the 
information charges stored in the light receiving pixels are 
drained to this drain region. A period L from the end of 
the drain clock cpD to the start of the frame transfer clock 
(pF is defined as the information charges storage period, or 
the so-called exposure time. 

The timing control circuit 3 frequency-divides a 
reference clock CK having a predetermined period and 
produces the vertical synchronous signal VD which determines 
the vertical scan timing of the CCD 1 and the horizontal 
synchronous signal HD which determines the horizontal scan 
timing. For example, in conformity with the NTSC (National 
Television System Committee) standard, the horizontal 



synchronous signal HD is produced by setting the reference 
clock CK to 14.32 MHz and frequency-dividing it into 910 
parts. The vertical synchronous signal VD is produced by 
further frequency-dividing the horizontal synchronous signal 
5 HD into 252.5 parts. 

The integrating circuit 4 integrates the image signal Y 
output from the CCD 1 in units of a vertical scan periods 
and produces integration value information lY which is 
proportional to the average level of the image signal Y. 
ClO The integrating circuit 4 is reset with the vertical 

synchronous signal VD. 

f. _i 

llj The decision circuit 5 receives the integration value 

information lY from the integrating circuit 4, compares the 
^ integration value information lY with upper and lower limits 

1^5 which correspond to an appropriate vertical scanning period 

p exposure range, and activates an exposure suppression signal 

CL or an exposure acceleration signal OP based on the 
comparison results. If the integration value information lY 
exceeds the upper limit, the exposure suppression signal CL 
20 is activated, and if the integration value information lY is 

below the lower limit, the exposure acceleration signal OP 
is activated. 

The up/down counter 6 performs an up count operation 
when the exposure suppression signal CL is activated and 

25 performs a down count operation when the exposure 

acceleration signal OP is activated. A counted value of the 
up/down counter 6 corresponds to a horizontal scan line 
number and the timing of the shutter timing signal ST is 
determined in accordance with the horizontal scan line 

30 number. 
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The latch circuit 7 latches the counted value of the 
up/down counter 6 every vertical scan period in accordance 
with the vertical synchronous signal VD and supplies the 
timing control circuit 3 with the counted value as exposure 
5 information D. There are plurality of horizontal scan 

periods for each vertical scan period. The timing control 
circuit 3 activates the shutter timing signal ST based on 
the exposure information D when the horizontal scan period, 
which corresponds to the counted value of the up/down 
10 counter 6, has elapsed from the start of the vertical 

scanning period. The exposure time L is extended or 
shortened every vertical scan period in a unit of one 
horizontal scan period by performing the up count or down 
count operation in accordance with the integration value 
1115 information lY of the image signal Y. 

fy 

i. I 

5 If the level of an image signal is within the range of 

p appropriate exposure, as determined by the decision circuit 

p 5, the exposure time L is not extended or shortened, and 

system control circuit does not respond to a slight change 
l20 of luminance of the sensed object. Therefore, a change in 

the object luminance appears as a change in the image 
signal. Accordingly, if the brightness of illumination is 
not stable, the brightness of the illumination appears on a 
reproduction screen. Further, if a light source which emits 
25 light periodically is used, the emission period and imaging 

period of the light source may substantially coincide. In 
this case, if a jitter is contained in the emission period 
of the light source, the average level of the image signal 
varies due to the jitter. The fluctuation of the average 
30 level of such image signal causes a flicker having a long 

period on the reproduction screen. 

SUMMARY OF THE INVENTION 
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It is an object of the present invention to provide a 
solid-state imaging apparatus with accurate exposure timing. 
A solid-state imaging apparatus, comprising: 

In one aspect of the present invention, a solid-state 
5 imaging apparatus is provided. The imaging apparatus 

includes a solid-state image sensor for accumulating 
information charges corresponding to an image of an object 
and generating an image signal in response to the 
information charges. The image sensor includes a driver, 
J3.0 connected to the image sensor, for driving the image sensor 

^'S in accordance with a timing signal so that the information 

predetermined exposure period, 
signal from the image sensor, 
generating circuit determines 
signal output from the image 

=^ sensor is withm a predetermined range and produces first 

LJ 

exposure information based on the determination results. A 
^= second exposure information generating circuit calculates 

5 second exposure information using the image signal output 

20 from the image sensor. A selection circuit is connected to 

the first and second exposure information generating circuit 
s to select the first exposure information when the level of 
the image signal is outside of the predetermined range and 
select the second exposure information when the level of the 
25 image signal is within the predetermined range. A timing 

control circuit is connected to the driver to receive the 
exposure information selected by the selection circuit and 
generates the timing signal therefrom. The timing signal 
defines the predetermined exposure period. 

30 In another aspect of the present invention, a method 

for controlling an exposure period of a solid-state imaging 
apparatus is provided. The imaging apparatus includes a 



iJ charges are accumulated in a 

pi and for outputtmg the image 

A first exposure information 

15 whether a level of the image 
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solid-state image sensor which accumulates information 
charges corresponding to an object image and generates an 
image signal in response to the information charges. First, 
the solid-state image sensor is driven in accordance with a 
5 timing signal so that the information charges are 

accumulated within the exposure period and the image signal 
is output. Then, whether a level of the image signal output 
from the solid-state image sensor is within a predetermined 
range is determined and first exposure information is 
10 generated based on the determination results. Second 

exposure information is calculated using the image signal 

i 

output from the solid-state image sensor. Then, the first 
' exposure information is selected when the level of the image 
P signal is outside of the predetermined range and the second 

exposure information is selected when the level of the image 
Q signal is within the predetermined range. The timing signal 

* for setting the exposure period is generated in accordance 

fU with the selected exposure information. 

i2 other aspects and advantages of the invention will 

"=20 become apparent from the following description, taken m 

conjunction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention, together with objects and advantages 
25 thereof, may best be understood by reference to the 

following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

Fig. 1 is a schematic block diagram of a conventional 
solid-state imaging apparatus; 
30 Fig. 2 is a timing chart which describes the operation 

of the solid-state imaging apparatus of Fig. 1; 
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Fig. 3 is a schematic block diagram of a solid-state 
imaging apparatus according to one embodiment of the present 
invention; and 

Fig. 4 is a graph showing the relationship between an 
5 exposure time and the integration value of an image signal. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the drawings, like numerals are used for like 
elements throughout . 

Fiq. 3 is a schematic block diagram of a solid-state 
^jLO imaging apparatus 200 according to one embodiment of the 

present invention, and Fig. 4 is a graph showing the 
relationship between the exposure time of a CCD image sensor 
1 and an integration value of an image generated by the 
apparatus 200. 



Q 
lU 
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UL5 The solid-state imaging apparatus 200 comprises the CCD 

image sensor 1, the driver 2, the timing control circuit 3, 
13 an integrating circuit 11, an exposure decision circuit 12, 

'^'^ an up/down counter 13, a timing calculation circuit 14, a 

selection circuit 15 and a latch circuit 16. The driver 2 
20 pulse-drives the CCD image sensor 1 in accordance with 

various signals from the timing control circuit 3 and an 
image signal Y is output from the CCD image sensor 1. 

In one embodiment of the present invention, first 
exposure information Dl for controlling a length of the 

25 exposure time L of the CCD image sensor 1 in a predetermined 

step and second exposure information D2 for specifying the 
optimum exposure time length L are selectively supplied to 
the timing control circuit 3. More specifically, if the 
exposure state of the CCD image sensor 1 is out of the 

30 predetermined range, the first exposure information Dl is 
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supplied to the timing control circuit 3. After the 
exposure state of the CCD image sensor 1 has become 
appropriate (i.e., within the predetermined range) by either 
extending or shortening the exposure time L based on the 
5 first exposure information Dl, the second exposure 

information D2 is supplied to the timing control circuit 3. 

The integrating circuit 11 integrates an image signal Y 
output from the CCD image sensor 1 each vertical scan period 
and generates integration value information lY which 
j^O proportional to the average level of the image signal Y. 

S i 

I'i The exposure decision circuit 12 receives the 

Q integration information lY from the integrating circuit 11, 
fy 

^[l compares the integration value information lY with upper and 

P lower limits of the predetermined exposure range, and 

a 

I^LS activates any one of an exposure suppression signal CL, an 

fy exposure acceleration signal OP and an exposure fixed signal 

HLD based on the compare result. Specifically, if the 

^ integration value information lY exceeds the upper limit, 

-J 

the exposure suppression signal CL is activated. If the 

20 integration value information lY is below the lower limit, 

the exposure acceleration signal OP is activated. If the 

integration value information lY is between the upper and 

lower limits, the exposure fixed signal HLD is activated. 

The exposure decision circuit 12 is reset with a vertical 
25 synchronous signal VD. 

The up/down counter 13 performs an up count operation 
in response to the exposure suppression signal CL and 
performs a down count operation in response to the exposure 
acceleration signal OP. The counter value of the up/down 
30 counter 13 is supplied to the selection circuit 15 as the 

first exposure information Dl . The first exposure 
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information Dl corresponds to a horizontal scan line number 
which determines the activation timing of a shutter timing 
signal ST output from the timing control circuit 3. The 
first exposure information Dl (counter value) is updated 
every vertical scan period and is incremented and 
decremented by one during each vertical scan period. By the 
increment and decrement of the counter value, the exposure 
time L of the CCD image sensor 1 is extended or shortened in 
units of one horizontal scan period. The exposure decision 
circuit 12 and the up/down counter 13 form a first exposure 
information generating circuit . 



The timing calculation circuit 14 holds exposure 
information D which is output from the latch circuit 16 and 
corresponds to the current exposure time L of the CCD image 
sensor 1 and calculates the second exposure information D2 
using the ratio of the integration value information lY to 
the exposure information D and the optimum value RO which 
corresponds to the optimum exposure state. That is, the 
second exposure information D2 is calculated in accordance 
with the following expression: 



D2 = RO X D/IY 



The optimum value RO is a predetermined value. The 
second exposure information D2 is calculated when the 
integration value information lY and the exposure 
information D are determined, and the activation timing of 
the shutter timing signal ST by the timing control circuit 3 
is determined based on the second exposure information D2 . 
The timing calculation circuit 14 serves as a second 
exposure information generating circuit . 



The selection circuit 15 is connected to the up/down 
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counter 13 and the timing calculation circuit 14 and selects 
the first exposure information Dl or the second exposure 
information D2 in response to the exposure fixed signal HLD. 
That is, if the exposed state of the CCDl is outside of the 
predetermined, appropriate range and thus, the exposure 
fixed signal HLD is not activated, the first exposure 
information Dl is selected. In response, the exposure time 
L is extended or shortened every vertical scan period in 
units of one horizontal scan period based on the first 
exposure information Dl . If the exposure state of the CCD 
image sensor 1 is within the appropriate range and the 
exposure fixed signal HLD is activated, the second exposure 
information D2 is selected. In this case, the exposure time 
L is determined based on the second exposure information D2 . 
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The latch circuit 16 latches the exposure information 
selected by the selection circuit 15 in accordance with a 
vertical synchronous signal VD and supplies the timing 
control circuit 3 and the timing calculation circuit 14 with 
the exposure information D. 

Next, the operation of the solid-state imagijijg''"''"'""''^ 
apparatus 200 is described. Until the expp-snlre state is 
included within the appropriate rarig-erTthe exposure time L 
is extended or shortened bas^jd-^'on the first exposure 
information Dl in the ^^afrfe manner as a conventional example. 
If the exposure spe^te is included within the appropriate 
range, the ^-x-^sure time L is determined in unit of one step 
based Qpr^the second exposure information D2 
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For example, as shown in Fig. 4, at point A of the 
graph which corresponds to the exposure time L (LI), if the 
corresponding integration value information lY (il) does not 
reach the appropriate lower limit RL, the first exposure 
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information Dl is selected and the exposure time L is 
extended by one horizontal scan period. The extension of 
the exposure time L is repeated until the integration value 
information lY exceeds the appropriate lower limit RL. If 
the integration value information lY exceeds the lower limit 
RL, the first exposure information Dl is switched to the 
second exposure information D2 . Then, the exposure time L2 
which corresponds to the intermediate optimum value 12 
between the upper limit RH and the lower limit RL is 
determined based on the second exposure information D2 . 
Thus, the exposure state converges at point B of the graph 
of Fig. 4. 

As described above, according to one embodiment of the 
present invention, the exposure time control of the CCD 
image sensor 1 is always performed and the exposure state 
converges at the optimum value within the appropriate range. 
At this time, since the exposure time is adjusted every 
horizontal scan period until the exposure state is within 
the appropriate range, a sudden change of an image signal 
level due to a sudden change of the exposure time is 
prevented. Further, even after the exposure state is within 
the appropriate range, exposure control is performed. Thus, 
the average level of the image signal Y becomes stable 
without being affected by a change in the brightness of 
illumination and the emission period. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given 
herein, but may be modified within the scope and equivalence 



of the appended claims. 
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